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DESCRIPTION 

SENSORLESS VECTOR CONTROL METHOD FOR ALTERNATING -CURRENT MOTOR 
AND CONTROL APPARATUS THEREFOR 

<Technical Field> 

The present invention relates to a sensorless vector 
control method, for an alternating-current motor, whereby, 
before an alternating-current is started, the velocity of the 
alternating-current motor in the free running state is estimated 
and the alternating-current motor is operated at the estimated 
velocity to provide a smooth start, and to a control apparatus 
therefor . 

<Background Art> 

Submitted by the present inventor and described in 
JP-A-2001-161094 is a control method, for an alternating-current 
motor, whereby are provided a power converter, for outputting 
power to the al ternating- current motor , and a current controller, 
for controlling the current output by the power converter based 
on a signal indicating a deviation between a current instruction 
signal and a detection signal indicating the current output 
by the power converter, and whereby a velocity detector and 
a voltage detector are not provided. According to this control 
method, provided are the power converter, for outputting power 
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to the alternating-current motor, and the power controller, 
for controlling the current output by the power converter based 
on a signal indicating a deviation between a current instruction 
signal and a detection signal indicating the current output 
by the power converter, and when the alternating-current motor 
is in the free running state, an arbitrary direct current is 
supplied for a designated period of time, a frequency component 
that appears in the detection signal for the power output by 
the power converter is detected, and the velocity of the 
alternating-current motor is estimated based on the frequency 
component . 

Also disclosed is a control method whereby, when an 
alternating-current motor is in the free running state, a current 
instruction signal described above is forcibly set to zero 
so as to adjust to zero the current for the alternating-current 
motor; and whereby the level of the remaining voltage, the 
phase and the angular velocity of the alternating-current motor 
are obtained based on an output voltage instruction signal 
that is obtained by using a calculation employing the current 
output by the current controller, and then, the rotational 
direction and the velocity of the alternating-current motor 
in the free running state are estimated, so that the 
alternating-current motor can be smoothly started in the free 
running state. 

Furthermore, disclosed is a control method whereby, when 
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an output voltage instruction signal, which is obtained by- 
using a calculation based on the output of the current controller 
when the current control is performed with a current instruction 
signal of zero, is lower than an arbitrarily designated voltage 
level, the current control is halted and an instruction for 
a direct current having an arbitrary level is transmitted in 
an arbitrary direction for a designated period of time, and 
thereafter, an instruction for a current having an arbitrary 
level is transmitted in a direction for which the phase differs 
by 180° from the direction in which the direct current instruction 
is transmitted; whereby the current control is again performed 
for a designated period of time, and the frequency component 
that appears in the detected current value and the phase 
relationship are detected; and whereby the frequency component 
is estimated to be the velocity of the alternating-current 
motor and the rotational direction is estimated based on the 
phase relationship . 

However, according to the method described in 
JP-2001-161094, when a residual high voltage remains in the 
alternating-current motor, a velocity differing greatly from 
the actual velocity of the alternating-current motor would 
be estimated to be due to the averse affect of the residual 
voltage. In this case, when the alternating-current motor 
is started while a frequency corresponding to the estimated 
velocity is designated for the power converter, a large current 
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flows that, produces a velocity near the velocity erroneously 
detected for the alternating-current motor, and the 
alternating-current motor can not smoothly be restarted. 

When a response from the current controller is not 
satisfactory, it is difficult for the current of the 
alternating-current motor to be set to zero, the power converter 
falls into an overcurrent state, and the alternating-current 
motor can not smoothly be started. 

Further, when the alternating-current motor is an 
induction motor, it is easy for the current of the induction 
motor to be reduced to zero because the residual voltage in 
the free running state is gradually reduced. But when the 
alternating-current motor is a permanent magnet synchronous 
motor, a high inductive voltage is generated in the free running 
state at a high velocity, and it is not easy for the current 
of the permanent magnet synchronous motor to be set to zero. 

Furthermore, when the alternating-current motor is in 
the free running state at a high velocity, the detection 
resolution for a frequency that appears in a detected current 
value, or the amplitude of the signal of a frequency component 
that appears in a detected current value is reduced, so that 
the frequency can not be detected. 

In addition, according to the control method for an 
alternating-current motor described in JP-A-2001-1 61094 , when 
the alternating-current motor is in the free running state, 
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an arbitrary direct current is supplied for a designated period 
of time. However, no specific explanation is given for the 
method for determining the designated period of time. 

According to a control method for an alternating-current 
motor described in Japanese Patent Application No. 2002-80891, 
a predesignated frequency and a rotational direction that is 
detected are set for a frequency adjustment circuit, and when 
an input torque current detection value is positive, the output 
frequency is lowered, or when the torque current detection 
value is negative, the output frequency is increased. When 
the output frequency is adjusted in this manner, so that it 
nears the torque current detection value of 0, the output 
frequency of the alternating-current motor in the free running 
state can match the output frequency of the power converter, 
so that a smooth start is obtained. 

However, in this case also, the alternating-current motor 
is not always smoothly restarted, even though the output 
frequency is adjusted so that it nears the torque current 
detection value of 0. 

Therefore, in order to resolve these shortcomings, it 
is a first objective of the present invention to provide a 
sensorless vector control method for an alternating-current 
motor, whereby when a wrong rotational direction or a wrong 
velocity is estimated when restarting the alternating-current 
motor in the free running state, this can be determined to 
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be an erroneous estimate and the alternating-current motor 
in the free running state can be smoothly restarted, and whereby 
when an alternating-current motor in the free running state 
is to be restarted, a period for the application of a direct 
current to the alternating-current motor is correctly designated, 
so that the alternating-current motor in the free running state 
can be smoothly restarted; and a control apparatus therefor. 

It is a second objective of the present invention to 
provide a sensorless vector control method for an 
alternating-current motor, whereby a running operation can 
still be smoothly and appropriately continued when a response 
by a current controller is poor, or when the alternating-current 
motor is an induction alternating-current motor, or even a 
permanent magnet synchronous alternating-current motor; and 
a control apparatus therefor. 

It is a third objective of the present invention to provide 
a sensorless vector control method for an alternating-current 
motor, whereby the following three points can be satisfied: 
when, after a current instruction signal is set to zero in 
order to adjust the current for the alternating-current motor 
to zero, current control is implemented to increase the response 
of a current controller and to avoid the entry into an overcurrent 
state of a power converter, so that the run-time operation 
can be smoothly continued; when, after an estimated velocity 
and rotational direction for the alternating-current motor 
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are employed to provide a direct-current instruction for the 
alternating-current motor, the accuracy of the detection of 
a frequency is increased for the alternating-current motor 
in the free running state at a high velocity; and when the 
run-time operation continues smoothly even while the 
alternating-current motor is in the free running state at a 
high velocity; and to provide a control apparatus therefor. 

<Disclosure of the Invention> 

To achieve the above objectives, according to claim 1 
of the present invention, a sensorless vector control method 
for an alternating-current motor, 

the sensorless vector control method employing: 

a power converter, for outputting arbitrary power to 
the alternating-current motor, 

a current detection circuit, for detecting a current 
supplied to the alternating-current motor, 

a coordinate conversion circuit, for converting the 
current supplied to the alternating-current motor into an 
exciting current detection value and a torque current detection 
value and for outputting the exciting current detection value 
and the torque current detection value, 

an exciting current control circuit, for controlling 
an exciting current directional voltage so as to match the 
exciting current instruction value with the exciting current 
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detection value, 

a torque current control circuit, for controlling a torque 
current directional voltage so as to match the toque current 
instruction value with the torque current detection value, 

a V/f conversion circuit, for calculating an induction 
voltage for the alternating-current motor based on a given 
output frequency instruction, 

a phase angle operation circuit, for obtaining a phase 
angle by integrating the given output frequency instruction, 
and 

an output voltage operation circuit, for calculating 
a level and a phase for an output voltage based on voltage 
instructions that are output by the exciting current control 
circuit, the torque current control circuit and the V/f 
conversion circuit, wherein 

a phase angle, output by the phase angle operation circuit, 
is added to the level and the phase output by the output voltage 
operation circuit in order to regulate the switching of the 
power converter, and 

a velocity detector and a voltage detector are not provided, 

and 

whereby a direct current or a direct-current voltage 
is applied to the alternating-current motor in a free running 
state before the alternating-current motor is started, 

a rotational direction and a velocity for the 



8 



alternating-current motor are estimated based on a secondary 
current that flows at the application time, 

a frequency that corresponds to the rotational direction 
and the velocity are set for a frequency adjustment circuit 
to activate the alternating-current motor, and 

the frequency adjustment circuit matches an output 
frequency with the velocity of the alternating-current motor, 
is characterized by: 

estimating, based on the level of a current flowing in 
the alternating-current motor, that the rotational direction 
and the frequency designated for the frequency adj us tment circuit 
deviate from the actual rotational direction and the actual 
velocity of the alternating-current motor. 

According to claim 2 of the invention, the sensorless 
vector control method for an alternating-current motor, 
described in claim 1, is characterized in that 

a case that the level of the current flowing in the 
alternating-current motor is continued for a designated period 
of time, at an equal to or higher than designated current level, 
is established as a reference that is used to estimate that 
the rotational direction and the frequency designated for the 
frequency adjustment circuit deviate from the actual rotational 
direction and the actual velocity of the alternating-current 
motor . 

According to claim 3 of the invention, the sensorless 
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vector control method for an alternating-current motor, cited 
in claim 1 or 2, is characterized by: 

after it is estimated that the rotational direction and 
the frequency designated to the frequency adjustment circuit 
deviate from the actual rotational direction and the actual 
velocity of the alternating-current motor; 

halting a restarting of the alternating-current motor; 

applying a direct current or a direct-current voltage 
to the alternating-current motor; 

employing a secondary current, flowing at the application 
time, to estimate, again, the rotational direction and the 
velocity of the alternating-current motor; and 

setting again, to the frequency adjustment circuit, a 
frequency that corresponds to the rotational direction and 
the velocity, and 

restarting the alternating-current motor. 

According to claim 4 of the invention, the sensorless 
vector control method for an alternating-current motor, cited 
in claim 3, is characterized by: 

when a direct current or a direct-current voltage is 
applied to the alternating-current motor , and a secondary current 
flowing at the application time is employed to reevaluate the 
rotational direction and the velocity of the alternating-current 
motor, 

while the velocity is estimated such that the upper limit 
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value for an estimated value is lower by a designated velocity 
value than the velocity is previously estimated to be, or is 
equal to the final output value of the frequency adjustment 
circuit; and 

a frequency that corresponds to the estimated value is 
set to the frequency adjustment circuit, and 

the alternating-current motor is started. 

According to claim 5 of the invention, a sensorless vector 
control apparatus, for an alternating-current motor , including: 

a power converter, for outputting arbitrary power to 
the alternating-current motor, 

a current detection circuit, for detecting a current 
supplied to the alternating-current motor, 

a coordinate conversion circuit, for converting the 
current supplied to the alternating-current motor into an 
exciting current detection value and a torque current detection 
value and for outputting the exciting current detection value 
and the torque current detection value, 

an exciting current control circuit, for controlling 
an exciting current directional voltage so as to match the 
exciting current instruction value with the exciting current 
detection value, 

a torque current control circuit, for controlling a torque 
current directional voltage so as to match the toque current 
instruction value with the torque current detection value, 
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a V/ f conversion circuit, for calculating an induction 
voltage for the alternating-current motor based on a given 
output frequency instruction, 

a phase angle operation circuit, for obtaining a phase 
angle by integrating the given output frequency instruction, 
and 

an output voltage operation circuit, for calculating 
a level and a phase for an output voltage based on voltage 
instructions that are output by the exciting current control 
circuit, the torque current control circuit and the V/f 
conversion circuit, wherein 

a phase angle, output by the phase angle operation circuit, 
is added to the level and the phase output by the output voltage 
operation circuit in order to regulate the switching of the 
power converter, 

a velocity detector and a voltage detector are not provided, 

and 

a direct current or a direct-current voltage is applied 
to the alternating-current motor in a free running state before 
the alternating-current motor is started, a rotational direction 
and a velocity for the alternating-current motor are estimated 
based on a secondary current that flows at the application 
time, a frequency that corresponds to the rotational direction 
and the velocity are set for a frequency adjustment circuit 
to activate the alternating-current motor, and the frequency 
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adjustment circuit matches an output frequency with the velocity 
of the alternating-current motor, is characterizedby including: 
erroneous setup estimation member for estimating, based 
on the level of a current flowing in the alternating-current 
motor, that the rotational directionand the frequency designated 
for the frequency adjustment circuit deviate from the actual 
rotational direction and the actual velocity of the 
alternating-current motor. 

According to claim 6 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
described in claim 5, is characterized in that 

a case that the level of the current flowing in the 
alternating-current motor is continued for a designated period 
of time, at an equal to or higher than designated current level, 
is established as a reference that is used by the erroneous 
setup estimationmember to estimate that the rotational direction 
and the frequency designated for the frequency adjustment circuit 
deviate from the actual rotational direction and the actual 
velocity of the alternating-current motor. 

According to claim 7 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
cited in claim 5 or 6, is characterized by: 

after the erroneous setup estimation member estimates 
a setup is incorrect, 

a restarting of the alternating-current motor is halted; 



13 



a direct current or a direct-current voltage is again 
applied to the alternating-current motor; 

a secondary current, flowing at the application time, 
is employed to reevaluate the rotational direction and the 
velocity of the alternating-current motor; and 

a frequency that corresponds to the rotational direction 
and the velocity is again set to the frequency adjustment circuit, 
and 

the alternating-current motor is restarted. 

According to claim 8 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
cited in claim 7, is characterized by: 

when a direct current or a direct-current voltage is 
applied to the alternating-current motor , and a secondary current 
flowing at the application time is employed to reevaluate the 
rotational direction and the velocity of the alternating-current 
motor, 

while estimating the velocity is such that the upper 
limit value for an estimated value is lower by a designated 
velocity value than the velocity is previously estimated to 
be, or is equal to the final output value of the frequency 
adjustment circuit; and 

a frequency that corresponds to the estimated value and 
starting the alternating-current motor is set for the frequency 
adjustment circuit . 
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According to claim 9 of the invention, a sensorless vector 
control method for an alternating-current motor, employing: 

the sensorless vector control method employing: 

a power converter, for outputting arbitrary power to 
the alternating-current motor, ' 

a current detection circuit, for detecting a current 
supplied to the alternating-current motor, 

a coordinate conversion circuit, for converting the 
current supplied to the alternating-current motor into an 
exciting current detection value and a torque current detection 
value and for outputting the exciting current detection value 
and the torque current detection value, 

an exciting current control circuit, for controlling 
an exciting current directional voltage so as to match the 
exciting current instruction value with the exciting current 
detection value, 

a torque current control circuit, for controlling a torque 
current directional voltage so as to match the toque current 
instruction value with the torque current detection value, 

a V/f conversion circuit, for calculating an induction 
voltage for the alternating-current motor based on a given 
output frequency instruction, 

a phase angle operation circuit, for obtaining a phase 
angle by integrating the given output frequency instruction, 
and 
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an output voltage operation circuit, for calculating 
a level and a phase for an output voltage based on voltage 
instructions that are output by the exciting current control 
circuit, the torque current control circuit and the V/f 
conversion circuit, wherein 

a phase angle, output by the phase angle operation circuit, 
is added to the level and the phase output by the output voltage 
operation circuit in order to regulate the switching of the 
power converter, 

a velocity detector and a voltage detector are not 
provided, 

whereby a direct current or a direct-current voltage 
is applied to the alternating-current motor in a free running 
state before the alternating-current motor is started, 

a rotational direction and a velocity for the 
alternating-current motor are estimated based on a secondary 
current that flows at the application time, 

a frequency that corresponds to the rotational direction 
and the velocity are set for a frequency adjustment circuit 
to activate the alternating-current motor, and 

the frequency adjustment circuit matches an output 
frequency with the velocity of the alternating-current motor, 
is characterized by: 

setting, as a period of time for applying a direct current 
or a direct-current voltage, a greater value, either an estimated 
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lower limit value for the alternating-current motor, or a value 
obtained based on a value designated as a secondary circuit 
time constant. 

According to claim 10 of the invention, the sensorless 
vector control method for an alternating-current motor, cited 
in claim 9, is characterized by: 

when the frequency of a secondary current is not obtained 
during the period in which the direct current or the 
direct-current voltage is being applied, 

it is determined that the alternating-current motor is 
halted; and 

a predesignated lowest frequency or a zero frequency 
is transmitted to the frequency adjustment circuit. 

According to claim 11 of the present invention, a 
sensorless vector control apparatus, for an alternating-current 
motor, including: 

a power converter, for outputting arbitrary power to 
the alternating-current motor, 

a current detection circuit, for detecting a current 
supplied to the alternating-current motor, 

a coordinate conversion circuit, for converting the 
current supplied to the alternating-current motor into an 
exciting current detection value and a torque current detection 
value and for outputting the exciting current detection value 
and the torque current detection value, 
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an exciting current control circuit, for controlling 
an exciting current directional voltage so as to match the 
exciting current instruction value with the exciting current 
detection value, 

a torque current control circuit, for controlling a torque 
current directional voltage so as to match the toque current 
instruction value with the torque current detection value, 

a V/ f conversion circuit, for calculating an induction 
voltage for the alternating-current motor based on a given 
output frequency instruction, 

a phase angle operation circuit, for obtaining a phase 
angle by integrating the given output frequency instruction, 
and 

an output voltage operation circuit, for calculating 
a level and a phase for an output voltage based on voltage 
instructions that are output by the exciting current control 
circuit, the torque current control circuit and the V/f 
conversion circuit, wherein 

a phase angle, output by the phase angle operation circuit, 
is added to the level and the phase output by the output voltage 
operation circuit in order to regulate the switching of the 
power converter, 

a velocity detector and a voltage detector are not provided, 

and 

a direct current or a direct-current voltage is applied 
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to the alternating-current motor in a free running state for 
a set time before the alternating-current motor is started, 

a rotational direction and a velocity for the 
alternating-current motor are estimated based on a secondary 
current that flows at the application time, 

a frequency that corresponds to the rotational direction 
and the velocity are set for a frequency adjustment circuit 
to activate the alternating-current motor, 

the frequency adjustment circuit matches an output 
frequency with the velocity of the alternating-current motor, 
is characterized by: 

setting, as a period of time for applying a direct current 
or a direct-current voltage, a greater value, either an estimated 
lower limit value for the alternating-current motor, or a value 
obtained based on a value designated as a secondary circuit 
time constant. 

According to claim 12 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
cited in claim 11, is characterized by: 

when the frequency of a secondary current is not obtained 
during the period in which the direct current or the 
direct-current voltage is being applied, 

it is determined that the alternating-current motor is 
halted; and 

a predesignated lowest frequency or a zero frequency 
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is transmitted to the frequency adjustment circuit. 

According to claim 13 of the invention, a sensorless 
vector control method for an alternating-current motor, 

the sensorless vector control method employing: 

a power converter, for outputting power to an 
alternating-current motor, and 

a current controller, for controlling a current output 
by the power converter based on a signal indicating a deviation 
between a current instruction signal and a detection signal 
for a current output by the power converter, wherein 

a velocity detector and a voltage detector are not 
provided, 

whereby current control is effected by forcibly setting 
the current instruction signal to zero so as to reduce to zero 
a current in the alternating-current motor in a free running 
state, and 

whereby a level and a phase of a residual voltage in 
the alternating-current motor, and an angular velocity, are 
calculatedbasedon an output voltage instruction signal obtained 
by employing a current output by the current controller, and 

a rotational direction and velocity of the 
alternating-current motor in the free running state are estimated, 
is characterized by: 

determining a wait time until the current control is 
started with the current instruction signal value set to zero 
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in accordance with a run-time frequency of the power converter 

before the free running state and a secondary circuit time 

constant of the alternating-current motor. 

According to claim 14 of the invention, the sensorless 

vector control method for an alternating-current motor, cited 

in claim 13, is characterized by: 

when the run-time frequency of the power converter before 

the free running state is entered is lower than an arbitrarily 

designated frequency, 

setting the wait time until the current control is started 

with the current instruction signal value set to zero. 

According to the claim 15 of the invention, for a sensorless 

vector control method for an alternating-current motor, the 

sensorless vector control method for an alternating-current 

motor, cited in claim 13 or 14, is characterized by: 

when an induction voltage of the alternating-current 

motor is so high that it is difficult to adjust a current in 

the alternating-current motor to zero, 

halting the control for setting the current in the 

alternating-current motor to zero; 

permitting an arbitrarily provided time-power converter 

to prepare switching so as to short-circuit three phases of 

an input to the alternating-current motor, 

exerting a damping force on the alternating-current motors- 
decelerating the alternating-current motor; 
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controlling again, to zero, the current of the 
alternating-current motor; and 

estimating the rotational direction and the velocity 
of the alternating-current motor in the free running state. 

According to claim 16 of the invention, a sensorless 
vector control apparatus for an alternating-current motor, 
including: 

a power converter, for outputting power to an 
alternating-current motor, and 

a current controller, for controlling a current output 
by the power converter based on a signal indicating a deviation 
between a current instruction signal and a detection signal 
for a current output by the power converter, wherein 

a velocity detector and a voltage detector are not 
provided, 

current control is ef f ectedby forcibly setting the current 
instruction signal to zero so as to reduce to zero a current 
in the alternating-current motor in a free running state, and 

a level and a phase of a residual voltage in the 
alternating-current motor, and an angular velocity, are 
calculatedbased on an output voltage instruction signal obtained 
by employing a current output by the current controller, and 

a rotational direction and velocity of the 
alternating- current motor in the free running state are estimated, 
is characterized by: 
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determining a wait time until the current control is 
started with the current instruction signal value set to zero 
in accordance with a run-time frequency of the power converter 
before the free running state and a secondary circuit time 
constant of the alternating-current motor. 

According to claim 17 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
cited in claim 16, is characterized by: 

when the run-time frequency of the power converter before 
the free running state is entered is lower than an arbitrarily 
designated frequency, 

setting the wait time until the current control is started 
with the current instruction signal value set to zero. 

According to the claim 18 of the invention, for a sensorless 
vector control apparatus for an alternating-current motor, 
the sensorless vector control apparatus for an 
alternating-current motor, cited in claim 16 or 17, is 
characterized by: 

when an induction voltage of the alternating-current 
motor is so high that it is difficult to adjust a current in 
the alternating-current motor to zero, 

halting the control for setting the current in the 
alternating-current motor to zero; 

permitting an arbitrarily provided time-power converter 
to prepare switching so as to short-circuit three phases of 
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an input to the alternating-current motor; 

exerting a damping force on the alternating-current motors- 
controlling again, to zero, the current of the 

alternating-current motor that is decelerated; and 

estimating the rotational direction and the velocity 

of the alternating-current motor in the free running state. 

According to claim 19 of the invention, a sensorless 

vector control method for an alternating-current motor, 
the sensorless vector control method employing: 
a power converter, for outputting power to an 

alternating-current motor, and 

a current controller, for controlling a current output 

by the power converter based on a signal indicating a deviation 

between a current instruction signal and a detection signal 

for a current output by the power converter, wherein 

both a velocity detector and a voltage detector are not 

provided, 

whereby a current control is performed by forcibly setting 
the current instruction signal to zero so as to reduce to zero 
a current in the alternating-current motor in a free running 
state, and 

whereby a level and a phase of a residual voltage in 
the alternating-current motor and an angular velocity are 
calculated based on an output voltage instruction signal obtained 
by employing a current output by the current controller, and 
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then, 

a rotational direction and a velocity of the 
alternating-current motor in the free running state are estimated, 
is characterized by: 

when a process for reducing to zero the current in the 
alternating-current motor is to be preformed, 

reducing a scanning period for a current control process 
to less than that for a normal control process. 

According to claim 20 of the invention, the sensorless 
vector control method for an alternating-current motor, cited 
in claim 19, is characterized by: 

when the process for reducing to zero the current in 
the alternating-current motor is to be preformed, 

reducing the scanning period for the current control 
process to less than that for the normal control process, as 
well as increasing a carrier frequency of the power converter. 

According to claim 21 of the invention, a sensorless 
vector control apparatus for an alternating-current motor, 
including: 

a power converter, for outputting power to an 
alternating-current motor, and 

a current controller, for controlling a current output 
by the power converter based on a signal indicating a deviation 
between a current instruction signal and a detection signal 
for a current output by the power converter, wherein 
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a current control is performed by forcibly setting the 
current instruction signal to zero so as to reduce to zero 
a current in the alternating-current motor in a free running 
state, 

a level and a phase of a residual voltage in the 
alternating-current motor and an angular velocity are calculated 
based on an output voltage instruction signal obtained by 
employing a current output by the current controller, and then, 

a rotational direction and a velocity of the 
alternating-current motor in the free running state, and 

both a velocity detector and a voltage detector are not 
provided, is characterized by including: 

member for, when a process for reducing to zero the current 
in the alternating-current motor is to be preformed, reducing 
a scanning period for a current control process to less than 
that for a normal control process. 

According to claim 22 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
cited in claim 21, is characterized by including: 

member for, when the process for reducing to zero the 
current in the alternating-current motor is to be preformed, 
reducing the scanning period for the current control process 
to less than that for the normal control process, as well as 
increasing a carrier frequency of the power converter. 

According to claim 23 of the invention, a sensorless 
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vector control method for an alternating-current motor, 
the sensorless vector control method employing: 
a power converter, for outputting power to an 

alternating-current motor, and 

a current controller, for controlling a current output 

by the power converter based on a signal indicating a deviation 

between a current instruction signal and a detection signal 

for a current output by the power converter, 

whereby current control is effected by forcibly setting 

the current instruction signal to zero so as to reduce to zero 

a current in the alternating-current motor in a free running 

state, 

whereby, when the current instruction signal, which is 
calculated by using a current output by the current controller, 
is lower than an arbitrarily designated voltage level, 

current control is halted, and 

a direct current instruction is transmitted at an arbitrary 
level for a designated period of time, 

whereby, thereafter, a current instruction is transmitted 
at an arbitrary level in a. direction with a phase 180° different 
from the direction in which the direct-current voltage is 
transmitted, and 

the current control is performed again during a designated 
period of time, and 

whereby a velocity estimation circuit detects a frequency 
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component that appears in a current detection value and a phase 
relationship thereof, estimates the frequency component as 
a velocity of the alternating-current motor, and employs the 
phase relationship to estimate a rotational direction of the 
alternating-current motor, 

both a velocity detector and a voltage detector are not 
provided, is characterized by: 

when the velocity and the rotational direction of the 
alternating-current motor are estimated by providing a direct 
current instruction for the alternating-current motor, 

reducing a scanning time period for a current control 
process to less than that for a normal control process. 

According to claim 24 of the invention, the sensorless 
vector control method for an alternating-current motor, cited 
in claim 23, is characterized by: 

when the velocity and the rotational direction of the 
alternating-current motor are estimated by providing a direct 
current instruction for the alternating-current motor, 

reducing a scanning period of time for a current control 
process to less than that for a normal control process, as 
well as increasing a carrier frequency of the power converter. 

According to claim 25 of the invention, the sensorless 
vector control method for an alternating-current motor, cited 
in claim 23 or 24, is characterized by: 

when the velocity and the rotational direction of the 
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alternating-current motor are estimated by providing a direct 
current instruction for the alternating-current motor, 

reducing a scanning period of time for a current control 
process to less than that for a normal control process, as 
well as employing a current detector that is different from 
that used for the normal control process and that is so sensitive 
a small current is detected. 

According to claim 26 of the invention, a sensorless 
vector control apparatus for an alternating-current motor, 
including : 

a power converter, for outputting power to an 
alternating-current motor, and 

a current controller, for controlling a current output 
by the power converter based on a signal indicating a deviation 
between a current instruction signal and a detection signal 
for a current output by the power converter, wherein 

current control is ef f ectedby forcibly setting the current 
instruction signal to zero so as to reduce to zero a current 
in the alternating-current motor in a free running state, 

when the current instruction signal, which is calculated 
by using a current output by the current controller, is lower 
than an arbitrarily designated voltage level, current control 
is halted, and a direct current instruction is transmitted 
at an arbitrary level in an arbitrary directionfor a designated 
period of time, 
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thereafter, a current instruction is transmitted at an 
arbitrary level in a direction with a phase 180° different 
from the direction in which the direct-current voltage is 
transmitted, and the current control is performed again during 
a designated period of time, and 

a velocity estimation circuit detects a frequency 
component that appears in a current detection value and a phase 
relationship thereof, estimates the frequency component as 
a velocity of the alternating-current motor, and employs the 
phase relationship to estimate a rotational direction of the 
alternating-current motor, so that both a velocity detector 
and a voltage detector are not provided, is characterized by 
including : 

member for reducing a scanning time period for a current 
control process to less than that for a normal control process 
when the velocity and the rotational direction of the 
alternating-current motor are estimated by providing a direct 
current instruction for the alternating-current motor. 

According to claim 27 of the invention, the sensorless 
vector control apparatus for an alternating-current motor, 
cited in claim 26, is characterized by further including: 

when the velocity and the rotational direction of the 
alternating-current motor are estimated by providing a direct 
current instruction for the alternating-current motor, 

member for reducing a scanning period of time for a current 
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control process to less than that for a normal control process, 
as well as increasing a carrier frequency of the power converter . 

According to claim 28 of the invention, the sensorless 
vector control method for an alternating-current motor, cited 
in claim 26 or 27, is characterized by further including: 

when the velocity and the rotational direction of the 
alternating-current motor are estimated by providing a direct 
current instruction for the alternating-current motor, 

a current detector for reducing a scanning period of 
time for a current control process to less than that for a 
normal control process, as well as employing a current detector 
that is different from that used for the normal control process 
and that is so sensitive a small current is detected. 

<Brief Description of the Drawings> 

Fig. 1 is a block diagram showing the configuration of 
a sensorless vector control apparatus for an alternating-current 
motor according to a first embodiment of the present invention; 

Fig. 2 is a graph showing a change for a torque current 
detection value i qfb for a case wherein a direct current is 
supplied to an alternating-current motor, in the free running 
state, that is rotated in the forward direction; 

Fig. 3 is a graph showing a change for the torque current 
detection value i qfb for a case wherein a direct current is 
supplied to the alternating-current motor, in the free running 
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state, that is rotated in the reverse direction; 

Fig. 4 is a graph showing a change for the torque current 
detection value i qfb for a case wherein a direct current is 
supplied to the alternating-current motor, in the free running 
state, that is rotated at a low velocity; 

Fig. 5 is a graph showing a change for the torque current 
detection value i qfb for a case wherein a direct current is 
supplied to the alternating-current motor that has a great 
secondary circuit time constant, as an example; 

Fig. 6 is a flowchart showing the configuration according 
to the first embodiment; 

Fig. 7 is a block diagram showing the configuration of 
a sensorless vector control apparatus for an alternating-current 
motor according to a second embodiment of the present invention; 

Fig. 8 shows an operation frequency before a free running 
state and a wait time until a restart occurs; 

Fig. 9 is a block diagram showing the configuration of 
a sensorless vector control apparatus for an alternating-current 
motor according to a third embodiment of the present invention; 
and 

Fig. 10 is a block diagram showing the configuration 
of a sensorless vector control apparatus for an 
alternating-current motor according to a fourth embodiment 
of the present invention. 

The reference numerals used in drawings are as follows: 
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1 : power converter 

2: alternating-current motor 

3: current detector 

4: current coordinates conversion circuit 

5: torque current control circuit 

6: exciting current control circuit 

7: phase operation circuit 

8: V/f conversion circuit 

9: output voltage operation circuit 

10: switching pattern generation circuit 

11: frequency adjustment circuit 

12, 13, 14, 17: switch 

15: velocity estimation circuit (third embodiment) 
15B: velocity estimation circuit (fourth embodiment) 
16: adder 

<Best Modes for Carrying Out the Invention> 

Thepresent invention will nowbe described while referring 
to the drawings. 

First, a first embodiment of the present invention will 
now be explained. 

According to the first embodiment, when an 
alternating-current motor is to be restarted, and when a current 
flowing in the alternating-current motor is continued at a 
designated current level or higher for a designated period 
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of time, it is determined that a rotational direction or a 
velocity is incorrectly estimated for the alternating-current 
motor, and a direct current or a direct-current voltage is 
applied again to estimate the rotational direction and the 
velocity. 

Fig. 1 is a block diagram showing the configuration of 
a sensorless vector control apparatus for an alternating-current 
motor according to the first embodiment of the present invention . 

For this embodiment, the sensorless vector control apparatus 
for an alternating-current motor includes: a power converter 
1, an alternating-current motor 2, a current detector 3, a 
current coordinates conversion circuit 4, a torque current 
control circuit 5, an exciting current control circuit 6, a 
phase operation circuit 7, a V/f conversion circuit 8, an output 
voltage operation circuit 9, a switching pattern generation 
circuit 10 and a frequency adjustment circuit 11. 

The power converter 1 employs the PWM control system 
to convert, into an alternating current having an arbitrary 
frequency and an arbitrary voltage, a direct-current voltage 
obtained by converting a three-phase alternating current using 
a power device, and supplies the alternating current to the 
alternating-current motor 2. 

The current detector 3 detects a current supplied to 
the alternating-current motor 2. 

The current coordinates conversion circuit 4 splits the 
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current detected by the current detector 3 to obtain a torque 
current detection value i qfb and an exciting current detection 
value i dfb. 

The torque current control circuit 5 calculates a first 
q-axial voltage instruction value Vqref so that a provided 
torque current instruction value i qref matches the torque 
current detection value i qfb. 

The exciting current control circuit 6 calculates ad-axial 
voltage instruction value dref so that a provided exciting 
current instruction value i dref matches the exciting current 
detection value i dfb. 

The phase operation circuit 7 integrates a provided 
frequency fl to obtain a phase 9. 

The V/f conversion circuit 8 employs the provided frequency 
fl to calculate a voltage Eref that corresponds to an induction 
voltage for the alternating-current motor. 

The output voltage operation circuit 9 obtains a second 
q-axial voltage instruction Vqref by adding the first q-axial 
voltage instruction value V'qref,, which is the output of the 
torque current control circuit 5, to the voltage Eref, which 
is the output of the V/f conversion circuit 8, and outputs 
an output voltage instruction value Vlref and its voltage phase 
9V in accordance with the second q-axial voltage instruction 
value Vqref and the d-axial voltage instruction value dref. 

The switching pattern generation circuit 10 determines 
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a switching pattern for the power converter 1 based on the 
output voltage instruction value Vlref and a power converter 
output phase 0deg, which is obtained by adding the voltage 
phase 9V and the phase 0. 

The frequency adjustment circuit 11 is a circuit for 
adjusting the frequency output by the power converter 1, so 
that the alternating-motor current 2 in the free running state 
can be smoothly restarted* 

For an estimation of the rotational direction and the 
velocity of the alternating-current motor 2 in the free running 
state, a direct current instruction is provided for the exciting 
current instruction value i dref during an arbitrarily designated 
periodof time, then, the current control is performedby changing 
the sign and the level of the direct current instruction and 
the change in the torque current detection value i qf b is measured . 

According to this invention, a direct current or a 
direct-current voltage is applied to the alternating-current 
motor in the free running state before it is restarted, and 
a secondary current that is flowing at this time is employed 
to estimate the rotational direction and the velocity of the 
alternating-current motor. In Fig. 2 is shown a case wherein 
the alternating-current motor 2 is rotated forward in the free 
running state, and in Fig. 3 is shown a case wherein the 
alternating-current motor 2 is rotated in reverse in the free 
running state. In Figs. 2 and 3, (a) represents the exciting 
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current detection value i dfb of the alternating-current motor 
2, and (b) represents a time-transient change of the torque 
current detection value i qfb of the alternating-current motor 
2. 

In Fig. 2, when at time tl shown in (a) the exciting 
current detection value i dfb having a negative rectangular 
wave is supplied to the alternating-current motor 2 that is 
rotated forward in the free running state, the torque current 
detection value i qfb having a waveform that rises in the positive 
direction is produced, as is shown in (b) . 

On the other hand, as is shown in Fig. 3, when at time 
tl in (a) the exciting current detection value i dfb having 
a negative rectangular wave is supplied to the 
alternating-current motor 2 that is rotated in reverse in the 
free running state, the torque current detection value i qfb 
having a waveform that falls in the negative direction is produced, 
also as is shown in (b) . 

By focusing on this point, the time-transient change 
of the obtained torque current detection value i qfb can be 
employed to detect the rotational direction, and when the 
frequency of the torque current detection value i qfb ismeasured, 
the velocity of the alternating-current motor can be estimated. 

The thus estimated rotational direction and velocity 
of the alternating-current motor 2 are set in the frequency 
adjustment circuit 11, which is then operated. The frequency 
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adjustment circuit 11 adjusts a frequency so that the torque 
current detection value i qfb reaches zero, and matches the 
velocity of the alternating-current motor 2 in the free running 
state with the output frequency of the power converter. Thus, 
the alternating-current motor 2 can be smoothly started. 

Furthermore, according to the present invention, when 
the estimated velocity value is wrong, or when the rotational 
direction is erroneously detected, this is automatically 
ascertained and a direct current is again applied to estimate 
the rotational direction and the velocity of the 
alternating-current motor based on the time-transient change 
in the torque current detection value i qfb. That is, it is 
assumed, in accordance with the level of the current flowing 
in the alternating-current motor, that the rotational direction 
and the frequency designated for the frequency adjustment circuit 
have deviated from the actual rotational direction and the 
actual velocity of the alternating-current motor . Specifically, 
regarded as a necessary condition is that the level of a current 
flowing in the alternating-current motor be continued, at a 
level equal to or higher than the level of a designated current, 
for a designated period of time. When this condition is 
established, the* restarting of the alternating-current motor 
is halted, a direct current or a direct-current voltage is 
again applied to the alternating-current motor, and a secondary 
current that is supplied at this time is employed to estimate 
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again the rotational direction and the velocity of the 
alternating-current motor . For the re-estimation in this case, 
the velocity is estimated so that the upper limit estimated 
value for the velocity is lower by a designated velocity level 
than the previously estimated value, or is equal to the final 
output value of the frequency adjustment circuit. Then, the 
frequency corresponding to the estimated value is designated 
for the frequency adjustment circuit, and the 
alternating-current motor is started. 

Next, while referring to Figs. 1 and 6, a detailed 
explanation will be given for the operation of the embodiment 
for restarting the alternating-current motor in the free running 
state . 

When the alternating-current motor 2 is in the free running 
state, three switches SI to S3 in Fig. 1 are changed from the 
normal running state on a side A to the free running start 
state on a side B. Therefore, the torque current instruction 
value i qref = 0 is established, an exciting current instruction 
is outputby the V/f conversion circuit 8, andtheoutput frequency 
fl is output by the frequency adjustment circuit 11. It should 
be noted that a zero frequency is set as an initial value for 
the output frequency adjustment circuit 11 . Then, an arbitrary 
direct current (see (a) in Fig. 2 or 3) is supplied to the 
alternating-current motor 2 for a designated period of time 
(step SI) . The detection value i qfb (see (b) in Fig. 2 or 
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3) for a torque current that is flowing at this time is employed 
to estimate the frequency and the rotational direction (step 
S2) . Based on the estimation results, the frequency and the 
rotational direction are again designated for the output 
frequency adjustment circuit 11 (step S3) . 

After the frequency and the rotational direction are 
again designated for the output frequency adjustment circuit 
11, the V/f conversion circuit 8 operates an exciting current 
instruction in accordance with a secondary circuit time constant 
so as to raise a magnetic flux, and the magnetic flux and the 
designated frequency fl are employed to calculate and output 
the voltage Eref that corresponds to an induction voltage for 
the alternating-current motor. 

The frequency adjustment circuit 11 reduces the frequency 
when the torque current detection value i qfb is positive, 
or increases the output frequency when the torque current 
detection value i qfb is negative, so that the torque current 
detection value i qfb approaches 0. 

When the magnetic flux has reached the level for normal 
operation, and when the torque current detection value i qfb 
reaches a specific setup level close to 0 (i.e., when the current 
flowing in the alternating-current motor is no longer continued 
at a setup level or higher for an arbitrary period of time 
(NO at step S4) ) , it is determined that the alternating-current 
motor can be started normally, and the three switches SI to 
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S3 are switched to side A (step S7) . 

On the other hand, when, while the frequency adjustment 
circuit 11 is adjusting the frequency, the current flowing 
in the alternating-current motor is continued at an arbitrary 
setup level or higher for an arbitrary period of time (YES 
at step S4) , it is determined in this embodiment that an abnormal 
state has apparently occurred (step S5) . This state is a case 
wherein either the rotational direction of the 
alternating-current motor differs from the rotational direction 
designated for the frequency adjustment circuit 11, or wherein 
the velocity of the alternating-current motor deviates greatly 
from the frequency setup value designated for the frequency 
adjustment circuit 11. 

When this state is detected, the power converter is 
temporarily halted (step S6) , program control returns to step 
SI, whereat a direct current is again applied, the rotational 
direction and the velocity of the alternating-current motor 
are estimated and again designated for the frequency adjustment 
circuit . 

In this case, a value obtained by subtracting an arbitrary 
level value from the previously estimated frequency, or the 
last frequency output by the frequency adjustment circuit, 
is defined as the upper limit for the estimated velocity value 
of the alternating-current motor. Then, an erroneous detection 
during re-evaluation can be prevented. 
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Furthermore, in this embodiment, an explanation is given 
for the power conversion apparatus that splits the current 
flowing in the alternating-current motor 2 into a torque current 
and an exciting current, and provides vector control for 
controlling these currents independently. However, the present 
invention can also be provided by a power conversion apparatus 
that provides constant V/f control by performing exactly the 
same processing, so long as a current control circuit is 
additionally provided that applies a current flowing in the 
alternating-current motor in the free running state into a 
torque current and an exciting current, and that controls these 
currents independently . 

A modification of the first embodiment will now be 
described. 

The modification of the first embodiment relates to a 
method for setting an arbitrary period of time during which 
a direct current instruction is provided for the exciting current 
instruction value i dref . A greater value, either the lower 
limit value of the estimated velocity for the alternating-current 
motor or a secondary circuit time constant, is designated as 
an arbitrary period for applying a direct current in order 
to correctly estimate the rotational direction and the velocity 
of the alternating-current motor. 

As one method for measuring the frequency of a torque 
current detection value, there is a method for measuring a 
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cycle for a peak on the positive side and a peak on the negative 
side, or a cycle between zero cross points. 

However, when a cycle Tl between a peak on the positive 
side and a peak on the negative side or a cycle T2 between 
zero cross points, shown in Fig. 4, can not be measured, the 
frequency can not be detected. Therefore, a direct current 
must be continuously supplied to enable the detection of the 
frequency. 

Thus, the focus is that so long as the alternating-current 
motor is in the free running state at a low velocity, the power 
converter can be smoothly activated, with little shock, even 
with the zero frequency or the lowest frequency that can be 
output, and thus, the lower limit value is designated in advance 
as the estimated velocity value for the alternating-current 
motor in the free running state. When the estimated velocity 
is lower than the lower limit value, it is determined that 
the alternating-current motor is halted, and the estimated 
velocity value is set as a predesignated value or a zero frequency 
for the frequency adjustment circuit. 

Further, for an alternating-current motor having a large 
secondary circuit time constant, a case occurs wherein the 
torque current detection value i qfb has a waveform shown in 
Fig. 5, due to the affect of a residual voltage, and wherein 
a rotational direction can not be accurately detected. In 
order to negate the affect of the residual voltage, a direct 
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current is applied during a period equivalent to, or proportional 
to, the secondary circuit time constant . 

As a result, the residual voltage is canceled by the 
applied current, the waveform in Fig. 5 is changed to the waveform 
shown in Fig. 2 (or Fig. 3), which is easily deleted, and the 
rotational direction can be accurately estimated. 

Therefore, as the method for the setup of an arbitrary 
period wherein a direct current instruction is provided, a 
longer period is allocated, either a period obtained based 
on the predesignated lower limit value for the velocity estimated 
value, or a period equivalent to or proportional to the secondary 
circuit time constant. 

Since the operation for restarting the 
alternating-current motor in the free running state is described 
in detail in the first embodiment, no explanation for it will 
be given here. 

An explanation of the present invention is given ' for 
a power conversion apparatus that splits a current flowing 
in the alternating-current motor 2 into a torque current and 
an exciting current, and that provides vector control for 
controlling these currents independently. However, the present 
invention can also be provided by a power conversion apparatus 
that provides constant V/f control by performing exactly the 
same processing, so long as a current control circuit is 
additionally provided that splits a current flowing in the 
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alternating-current motor in the free running state into a 
torque current and an exciting current and that .controls these 
currents independently . 

Moreover, in the present invention, as the frequency 
measurement method, an explanation is given for the method 
used to measure a cycle between a peak on the positive side 
and a peak on the negative side, or a cycle between the zero 
cross points . However, the velocity of the alternating-current 
motor can also be estimated by using a common frequency detection 
method that is established. 

Fig. 7 is a block diagram showing the configuration of 
a sensorless vector control apparatus for an alternating-current 
motor according to a second embodiment of the present invention. 

For this embodiment, the sensorless vector control apparatus 
for an alternating-current motor includes: a power converter 
1, an alternating-current motor 2, a current detector 3, a 
current coordinates conversion circuit 4, a torque current 
control circuit 5, an exciting current control circuit 6, a 
phase operation circuit 7, a V/f conversion circuit 8, an output 
voltage operation circuit 9, a switching pattern generation 
circuit 10, switches 12, 13 and 14 and a velocity estimation 
circuit 15. 

The power converter 1 performs switching of a main circuit 
power device, and employs the PWM control system to convert, 
into an alternating current having an arbitrary frequency and 



45 



an arbitrary voltage, a direct-current voltage obtained by 
forward conversion of a three-phase alternating current using 
a power device, and supplies the alternating current to the 
alternating-current motor 2. The current detector 3 detects 
a current supplied to the alternating-current motor 2. The 
current coordinates conversion circuit 4 splits the current 
detected by the current detector 3 to obtain a torque current 
detection value iqfb and an exciting current detection value 
idfb. The torque current control circuit 5 calculates a first 
q- axial voltage instruction value V'qref so that a provided 
torque current instruction value iqref matches the torque current 
detection value iqfb. The exciting current control circuit 
6 calculates a d-axial voltage instruction value dref so that 
a provided exciting current instruction value idref matches 
the exciting current detection value idfb. 

The phase operation circuit 7 integrates a provided 
frequency fl to obtain a phase 9. The V/f conversion circuit 
8 employs the provided frequency fl to calculate a voltage 
Eref that corresponds to an induction voltage for the 
alternating-current motor. 

The output voltage operation circuit 9 obtains a second 
q-axial voltage instruction Vqref by adding the first q-axial 
voltage instruction value V f qref, which is the output of the 
torque current control circuit 5, to the voltage Eref, which 
is the output of the V/f conversion circuit 8, and outputs 
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an output voltage instruction value Vlref and its voltage phase 
9V in accordance with the second q-axial voltage instruction 
value and the d- axial voltage instruction value . The switching 
pattern generation circuit 10 determines a switching pattern 
for the power converter 1 based on the output voltage instruction 
value Vlref and a power converter output phase Gdeg, which 
is obtained by adding the voltage phase 6V and the phase 9. 

The velocity estimation circuit 15 is a circuit for 
estimating a velocity fr for the alternating-current motor 
2 in the free running state. The switch 12 is a switch that 
switches the torque current instruction value iqref to a side 
B, which is zero, or to a side A, which is for the input to 
the torque current control circuit 5. The switch 13 is a switch 
for switching the exciting current instruction value idref 
to a side B, which is zero, or to a side A, which is for the 
input to the exciting current control circuit 6. The switch 
14 is a switch that switches the frequency fl to a side B, 
which is zero, or to a side A, which is for the input to the 
V/ f conversion circuit 8. 

A detailed explanation will now be given for the operation 
for restarting the alternating-current motor in the free running 
state. When the alternating-current motor 2 is in the free 
running state, the three switches 12, 13 and 14 in Fig. 7 are 
switched from the normal running state on the side A to the 
free-running start state on the side B . Then, the torque current 
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instruction value iqref = 0 and the exciting current instruction 
value idref = 0 are established. Further, since a reference 
phase is not present because the alternating-current motor 
is in the free running state, a phase that is to be added in 
accordance with the output frequency during the normal control 
is fixed at zero, and a current flowing in the alternating-current 
motor is adjusted to zero. Since an induction voltage is 
generated in accordance with the rotational velocity of the 
alternating-current motor in the free running state, and is 
rotated at the rotational velocity of the alternating-current 
motor, a current is supplied between the alternating-current 
motor 2 and the power converter 1 when the power converter 

1 is initiated, regardless of the levels of the rotational 
velocity and the induction voltage of the alternating-current 
motor 2. Therefore, the current must be adjusted to zero by 
the torque current control circuit 5 and the exciting current 
control circuit 6, so that the level of the induction voltage, 
the phase and the frequency of the alternating-current motor 

2 match the level of the output voltage, the phase and the 
frequency of the power converter. Adjusting the current flowing 
in the alternating-current motor to zero is called zero-current 
control . 

A first q-axial voltage instruction value V'qref and 
a d-axial voltage instruction value Vdref , which are the outputs 
of the torque current control circuit 5 and the exciting current 
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control circuit 6 during zero-current control, are voltage 
instruction values for which a frequency having a sine wave 
form is consonant with the rotational velocity of the 
alternating-current motor 2. The output voltage operation 
circuit 9 receives the first q-axial voltage instruction value 
V'qref and the d-axial voltage instruction value, and outputs 
the output voltage instruction value Vlref and the voltage 
phase 9V. The output voltage instruction value Vlref represents 
the level of an induction voltage for the alternating-current 
motor, and the voltage phase 90 represents the phase of the 
induction voltage. When the time-transient change in the phase 
of the induction voltage is measured for each specific period 
of time, the velocity estimation circuit 15 measures the 
frequency of the induction voltage. Since, as is apparent 
from the previous explanation, the frequency for the induction 
voltage matches the rotational velocity of the 
alternating-current motor 2, the rotational velocity of the 
alternating-current motor 2 in the free running state can be 
estimated. When the alternating-current motor is rotated in 
reverse, the phase change ratio becomes negative, so that the 
forward rotation or the reverse rotation of the 
alternating-current motor in the free running state can also 
be estimated. As is described above, when the induction voltage 
of the alternating-current motor is observed through 
zero-current control, not only the rotational direction but 
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also the rotational velocity of the alternating-current motor 
can be estimated. 

An explanation will now be given for a method whereby 
an estimated rotational direction and an estimated velocity 
are set for the power converter when zero-current control is 
switched to normal control. When the power converter 1 is 
started by matching only the frequencies in order to shift 
the zero-current control state to normal operation, an 
overcurrent may flow to the alternating-current motor and a 
smooth start may not be obtained. In order to prevent this, 
the induction voltage at the level during zero-current control 
and the phase must be continued even at the moment zero-current 
control is shifted to normal control. Therefore, the initial 
value must be set for the output voltage instruction value 
vlref, the output phase Gdeg and the output frequency fl of 
the power converter . Specifically, in a normal operation state, 
the output phase 9deg of the power converter is adjusted by 
using the phase of the magnetic flux of the alternating-current 
motor 2 as a reference, while in zero-current control, the 
output phase is the one consonant with the induction voltage 
of the alternating-current motor 2. As a result, during 
zero-current control, the phase for forward rotation is advanced 
90° from the phase during normal control, and the phase for 
the reverse rotation is delayed 90°. Therefore, in accordance 
with the rotational direction, the phase is corrected by 90° 
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from the last phase in the zero-current control, the estimated 
value fr, which is output by the velocity estimation circuit 
15 as the rotational velocity of the alternating-current motor 
2, is converted into a phase, this obtained phase is added 
to the corrected phase, and the resultant value is set as an 
initial value for the output phase Gdeg of the power converter. 

Through this processing, continuity of the phase can be 
maintained. 

Further, the output voltage instruction value Vlref, 
output during zero-current control, is designatedas an induction 
voltage, and continuity of the output voltage is maintained. 

Through this processing, zero-current control can be smoothly 
shifted to normal control. 

As for an induction motor used as the alternating-current 
motor, since an induction voltage is attenuated in accordance 
with the secondary circuit time constant, it is determined, 
when the induction voltage has reached the normal V/f level 
based on the secondary circuit time constant, that the 
alternating-current motor in the free running state can be 
started normally, and the three switches 12, 13 and 14 are 
switched to side A. 

As for a permanent magnet synchronous motor that is used 
as the alternating-current motor, since an induction voltage 
is not attenuated, it is determined, when the process is completed 
for obtaining continuity for the phase and the output voltage, 
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that the alternating-current motor in the free running state 
can be normally started, and the three switches 12, 13 and 
14 are switched to side A. 

An explanation will now be given for a method for 
determining a wait time until the power converter is restarted. 

In order to estimate the velocity of the alternating-current 
motor in the free running state, the first q-axial voltage 
instruction value V'qref and the d-axial voltage instruction* 
value Vdref , which are the outputs of the torque current control 
circuit 5 and the exciting current control circuit 6, must 
match the induction voltage of the alternating-current motor. 

This will not be a problem so long as the torque current control 
circuit 5 and the exciting current control circuit 6 demonstrate 
satisfactory functions for reducing the current flowing in 
the alternating-current motor to zero. 

However, when the gains in the torque current control 
circuit 5 and the exciting current control circuit 6 are low, 
or when the alternating-current motor is rotated at a high 
velocity, a high induction voltage occurs, and an excessive 
amount of current flows immediately after the power converter 
is started, so that the power converter may be tripped and 
may not be smoothly started. To prevent this, the response 
capabilities of the torque current control circuit 5 and the 
exciting current control circuit 6 need only be obtained in 
advance, and the voltage level generated by the 
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alternating-current motor in the free running state need only 
be set equal to or lower than an arbitrary value, so that 
zero-current control can be performed, and estimation of the 
velocity is enabled. That is, the induction voltage of the 
alternating-current motor need only be set equal to or lower 
than a arbitrarily designated voltage level. 

This can be provided, as one method, by controlling the 
period of time before the power converter is restarted. Since 
the induction voltage of the alternating-current motor is 
determined based on a running time frequency before the free 
running state, the wait time is not required when the operation 
is performed with a frequency at which the induction voltage 
is reduceduntil equal to or lower than the arbitrarily designated 
voltage level . When the operation is performed at this frequency 
or higher, the wait time is required, and can be obtained in 
accordance with the running time frequency before the free 
running state and the secondary circuit time constant of the 
alternating-current motor . When the maximum wait time required 
is calculated and obtained in accordance with the secondary 
circuit time constant of the alternating-current motor, an 
appropriate wait time can be determined, as is shown in Fig. 
8, in accordance with the running-time frequency before the 
alternating-current motor enters the free running state. 

An explanation will now be given for a method according 
to another invention for coping with a case wherein, since 
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the induction voltage of the alternating-current motor is large, 
it is difficult for the current in the alternating-current 
motor to be adjusted to zero. When the alternating-current 
motor is an induction motor having a large secondary circuit 
time constant or a permanent magnet synchronous motor, there 
is a possibility that the induction voltage will not be reduced 
until equal to or lower than an arbitrarily designated voltage 
level, even when the above described wait time has elapsed. 

In this case, zero-current control is temporarily halted, 
switching is performed for the power converter, so that the 
three phases of the alternating-current motor are 
short-circuited, and the three-phase short circuit is continued 
for an arbitrarily designated period of time. Then, a damping 
force is generated in the alternating-current motor, which 
thereafter decelerates . 

Therefore, the induction voltage of the 
alternating-current motor is reduced. After an arbitrary 
period of time has elapsed, zero-current control is again 
initiated, and when the induction voltage is dropped until 
equal to or lower than the arbitrarily designated voltage level, 
the velocity can be estimated through zero-current control. 

However, when the induction voltage is not equal to or lower 
than the arbitrarily designated voltage level, the switching 
is again performed to maintain the three-phase short circuit 
during the arbitrary period of time. As is described above, 
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it is characterized in that this process is repeated until 
the induction voltage of the alternating-current motor is reduced 
to the arbitrarily designated voltage level, so that the flow 
of an excessive amount of current and the tripping of the power 
converter can be prevented, and the alternating-current motor 
can be smoothly restarted. 

Furthermore, in this embodiment, an explanation will 
be given for the power conversion apparatus that splits a current 
flowing in the alternating-current motor 2 into a torque current 
and an exciting current, and that provides vector control for 
controlling these currents independently. However, thepresent 
invention can also be provided by a power conversion apparatus 
that performs the constant V/f control by performing exactly 
the same processing, so long as a current control circuit is 
additionally provided that splits a current flowing in the 
alternating-current motor in the free running state into a 
torque current and an exciting current, and that controls these 
currents independently . 

Fig. 9 is a block diagram showing the configuration of 
a sensorless vector control apparatus for an alternating-current 
motor according to a third embodiment of the present invention. 

For this embodiment, the sensorless vector control 
apparatus for an alternating-current motor includes: a power 
converter 1, an alternating-current motor 2, a current detector 
3, a current coordinates conversion circuit 4, a torque current 
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control circuit 5, an exciting current control circuit 6, a 
phase operation circuit 7, a V/f conversion circuit 8, an output 
voltage operation circuit 9, a switching pattern generation 
circuit 10, a velocity estimation circuit 15 and an adder 16. 

The power converter 1 employs the PWM control system to convert, 
into an alternating current having an arbitrary frequency and 
an arbitrary voltage, a direct-current voltage obtained by 
converting a three-phase alternating current using a power 
device, and supplies the alternating current to the 
alternating-current motor 2 . 

The current detector 3 detects a current supplied to 
the alternating-current motor 2, andsupplies a current detection 
signal to the current coordinates conversion circuit 4. 

The current coordinates conversion circuit 4 splits the 
current detected by the current detector 3 to obtain a torque 
current detection value iqfb and an exciting current detection 
value idfb, transmits the obtained torque current detection 
value iqfb to the torque current control circuit 5, and transmits 
the obtained exciting current detection value idfb to the 
exciting current control circuit 6. The torque current control 
circuit 5 calculates a first q-axial voltage instruction value 
V f qref so that a provided torque current instruction value 
iqref matches the torque current detection value iqfb. 

The exciting current control circuit 6 calculates a d-axial 
voltage instruction value dref so that a provided exciting 
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current instruction value idref matches the exciting current 
detection value idfb. 

The phase operation circuit 7 integrates a provided 
frequency fl to obtain a phase 9, and transmits the phase 9 
to the current coordinates conversion circuit 4 and the adder 
16. 

The V/f conversion circuit 8 employs the provided frequency 
f 1 to calculate a voltage Eref that corresponds to an induction 
voltage for the alternating-current motor. This voltage Eref 
is set in advance so as to establish Eref/fl = constant value. 

The output voltage operation circuit 9 obtains a second 
q-axial voltage instruction Vqref by adding the first q-axial 
voltage instruction value Vqref, which is the output of the 
torque current control circuit. 5, to the voltage Eref, which 
is the output of the V/f conversion circuit 8, and outputs 
an output voltage instruction value Vlref and its voltage phase 
9V in accordance with the second q-axial voltage instruction 
value Vqref and the d-axial voltage instruction value dref. 
Vlref = [ (Vdref ) 2 + (Vqref ) 2] 1/2 ... (1) 

9V = tan-1 (Vqref /Vdref ) ... (2) 

The switching pattern generation circuit 10 determines 
a switching pattern for the power converter 1 based on the 
output voltage instruction value Vlref and a power converter 
output phase 9deg, which is obtained by adding the voltage 
phase 9V and the phase 9. 
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The velocity estimation circuit 15 is a circuit that 
employs changes in the voltage phase 0V, by the unit hour, 
to estimate the velocity fr and the rotational direction of 
the alternating-current motor 2 in the free running state, 

A detailed explanation will now be given for the operation 
for restarting the alternating-current motor in the free running 
state. When the alternating-current motor 2 is in the free 
running state, the three switches 12, 13 and 14 in Fig. 9 are 
switched from the normal running state on the side A to the 
free-running start state on the side B. Then, the torque current 
instruction value iqref = 0 and the exciting current instruction 
value idref = 0 are established. Further, since a reference 
phase is not present because the alternating-current motor 
is in the free running state, a phase that is to be added in 
accordance with the output frequency during the normal control 
is fixed at zero, and a current flowing in the alternating-current 
motor is adjusted to zero. Since an induction voltage is 
generated in accordance with the rotational velocity of the 
alternating-current motor 2 in the free running state, and 
is rotated at the rotational velocity of the alternating-current 
motor, a current is supplied between the alternating-current 
motor 2 and the power converter 1 when the power converter 
1 is initiated, regardless of the levels of the rotational 
velocity and the induction voltage of the alternating-current 
motor 2. Therefore, the current must be adjusted to zero by 
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the torque current control circuit 5 and the exciting current 
control circuit 6, so that the level of the induction voltage, 
the phase and the frequency of the alternating-current motor 
2 match the level of the output voltage, the phase and the 
frequency of the power converter . Adjusting the current flowing 
in the alternating-current motor to zero is called zero-current 
control . 

A first q-axial voltage instruction value V'qref and 
a d-axial voltage instruction value Vdref , which are the outputs 
of the torque current control circuit 5 and the exciting current 
control circuit 6 during zero-current control, are voltage 
instruction values for which a frequency having a sine wave 
form is consonant with the rotational velocity of the 
alternating-current motor 2. The output voltage operation 
circuit 9 receives the first q-axial voltage instruction value 
V'qref and the d-axial voltage instruction value Vdref, and 
outputs the output voltage instruction value Vlref and the 
voltage phase 0V. The output voltage instruction value Vlref 
represents the level of an induction voltage for the 
alternating-current motor, and the voltage phase 90 represents 
the phase of the induction voltage. When the time-transient 
change in the phase of the induction voltage is measured for 
each specific period of time, the velocity estimation circuit 
15 measures the frequency of the induction voltage. Since, 
as is apparent from the previous explanation, the frequency 
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for the induction voltage matches the rotational velocity of 
the alternating-current motor 2, the rotational velocity in 
the free running state can be estimated. When the 
alternating-current motor is rotated in reverse, the phase 
change ratio becomes negative, so that the forward rotation 
or the reverse rotation of the alternating-current motor in 
the free running state can also be estimated. As is described 
above, when the induction voltage of the alternating-current 
motor is observed through zero-current control, not only the 
rotational direction but also the rotational velocity of the 
alternating-current motor can be estimated. 

An explanation will now be given for a method whereby 
an estimated rotational direction and an estimated velocity 
are set for the power converter when zero-current control is 
switched to normal control. 

When the power converter 1 is started by matching only 
the frequencies in order to shift the zero-current control 
state to normal operation, an overcurrent may flow to the 
alternating-current motor and a smooth start may not be obtained. 

In order to prevent this, the induction voltage at the level 
during zero-current control and the phase must be continued 
even at the moment zero-current control is shifted to normal 
control. Therefore, the initial value must be set for the 
output voltage instruction value vlref , the output phase 9deg 
and the output frequency f 1 of the power converter . Specifically, 
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in a normal operation state, the output phase Gdeg of the power 
converter is adjusted by using the phase of the magnetic flux 
of the alternating-current motor 2 as a reference, while in 
zero-current control, the output phase is the one consonant 
with the induction voltage of the alternating-current motor 
2. As a result, during zero-current control, the phase for 
forward rotation is advanced 90° from the phase during normal 
control, and the phase for the reverse rotation is delayed 
90°. Therefore, in accordance with the rotational direction, 
the phase is corrected by 90° from the last phase in the 
zero-current control, the estimated value fr, which is output 
by the velocity estimation circuit 15 as the rotational velocity 
of the alternating-current motor 2, is converted into a phase, 
this obtained phase is added to the corrected phase, and the 
resultant value is set as an initial value for the output phase 
0deg of the power converter. Through this processing, 
continuity of the phase can be maintained. 

Further, the output voltage instruction value Vlref, 
output during zero-current control, is designatedas an induction 
voltage, and continuity of the output voltage is maintained. 

Through this processing, zero-current control can be smoothly 
shifted to normal control. 

The induction voltage of the alternating-current motor 
is gradually increased in accordance with the secondary circuit 
time constant, and when the induction voltage matches the normal 
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V/f level, it is determined that the alternating-current motor 
in the free running state can be normally started, and the 
three switches are switched to the side A. 

An explanation will now be given for a method according 
to the present invention for improving current response during 
zero-current control. In order to estimate the velocity of 
the alternating-current motor in the free running state, the 
first q-axial voltage instruction value V'qref and the d-axial 
voltage instruction value Vdref , which are the outputs of the 
torque current control circuit 5 and the exciting current control 
circuit 6 during zero-current control, must match the induction 
voltage of the alternating-current motor. 

This will not be a problem so long as the torque current 
control circuit 5 and the exciting current control circuit 
6 demonstrate satisfactory functions for adjusting the current 
flowing in the alternating-current motor to zero. However, 
when the gains of the torque current control circuit 5 and 
the exciting current control circuit 6 can not be increased, 
or when the alternating-current motor is rotated at a high 
velocity, a high induction voltage is generated and an excessive 
amount of current flows immediately after the power converter 
is initiated, so that the power converter may be tripped and 
may not be smoothly started. To prevent this, the responses 
of the torque current control circuit 5 and the exciting current 
control circuit 6 must be improved. Since responses are delayed 
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when the scanning period for performing current control is 
short, the current can be controlled as instructed. So long 
as the other operations are omitted during zero-current control, 
the scanning period for current control can be reduced, compared 
with normal control, and the current control response can be 
improved. Further, when the preparation of the switching 
pattern for the power converter is delayed, even though the 
scanning period for current control is reduced during 
zero-current control, the effects obtained by the reduction 
of the scanning period for current control are reduced by half. 

Therefore, when zero-current control is to, be used, only a 
carrier frequency used as a reference need be increased for 
the power converter to be operated at a high velocity. In 
this manner, the current control response can be improved. 

As is described above, it is characterized in that the 
current control scanning period during zero-current control 
is reduced compared with normal control , or the carrier frequency 
for the power converter is increased, so that the current control 
response is improved, the flow of an excessive amount of current 
during zero-current control and the tripping of the power 
converter can be prevented, and the alternating-current motor 
can be smoothly restarted. 

An explanation will now be given by referring to Fig. 
10, which is a block diagram showing the configuration of a 
sensorless vector control apparatus for an alternating-current 
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motor according to a modification for a fourth embodiment of 
the present invention. 

The sensorless vector control apparatus for a motor 
according to this embodiment includes: a power converter 1, 
an alternating-current motor 2, a current detector 3, a current 
coordinates conversion circuit 4, a torque current control 
circuit 5, an exciting current control circuit 6, a phase 
operation circuit 7, a V/f conversion circuit 8, an output 
voltage operation circuit 9, a switching pattern generation 
circuit 10 and a velocity estimation circuit 15B. Since the 
components other than the velocity estimation circuit 15B are 
employed in common, no explanation for them will be given. 

The velocity estimation circuit 15B is a circuit used 
to estimate the velocity and the rotational direction of the 
alternating-current motor 2, in the free running state, in 
accordance with a torque current detection value iqfb and an 
exciting current detection value idfb obtained upon the 
application of a direct current. 

A detailed explanation will now be given for the operation 
for restarting the alternating-current motor in the free running 
state. In the third embodiment, when an output voltage 
instruction value value Vlref, which is output by the output 
voltage operation circuit 9 during zero-current control, is 
lower than an arbitrarily designated level, it can not be 
determined whether this has occurred because the 
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alternating-current motor in the free running state is 
substantially halted, or whether a residual voltage has 
dissipated due to a small secondary circuit time constant. 
Therefore, when this state occurs, the operation in the third 
embodiment is halted, and a switch is made to the operation 
in the fourth embodiment. 

Three switches (12, 14 and 17) in Fig. 10 are switched 
from the normal operation state on side A to the free-running 
start state on side B, and thus, a torque current instruction 
iqref = 0 is established. Further, since no phase is used 
as a reference while the alternating-current motor is in the 
free running state, a phase to be added in accordance with 
the output frequency during the normal control is fixed at 
zero, and a current flowing in the alternating-current motor 
is controlled. In addition, a second q-axial voltage 
instruction value Vqref is set to zero in order to employ the 
torque current detection value iqfb, for the alternating-current 
motor in the free running state, for estimating the velocity 
and the rotational direction. 

A specific setup value is provided as an exciting current 
instruction value idref in order to excite the 
alternating-current motor, and the exciting current control 
circuit 6 provides the control for a designated period of time, 
so that an exciting current detection value idfb is equal to 
the exciting current instruction value idref. Thereafter, 
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the sign and the level of the exciting current instruction 
value idref are changed, and control is provided for a designated 
period of time. 

At this time, by applying a direct current, a magnetic 
flux is generated in the alternating-current motor in the free 
running state, so that a secondary current that temporarily 
flows across the rotor of the alternating-current motor is 
detected, based on the torque current detection value iqfb. 

The frequency of the torque current detection value iqfb and 
the phase information obtained upon the application of the 
direct current are detected, and the velocity and the rotational 
direction of the alternating-current motor are estimated. 

When the alternating-current motor 2 is rotated forward, 
the torque current detection value iqfb is changed as is shown 
in Fig. 2. When the sign of the exciting current detection 
value idfb is negative, the phase of the torque current detection 
value iqfb is changed to a sine wave beginning at 0°. When 
the sign of the exciting current detection value idfb is positive, 
the phase of the torque current detection value iqfb is changed 
to a sine wave beginning at 180°. Since the frequency of the 
sine wave of the torque current detection value iqfb matches 
the velocity of the alternating-current motor 2 in the free 
running state, the velocity of the alternating-current motor 
2 can be obtained by measuring the frequency of the torque 
current detection value iqfb. Furthermore, when the 
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alternating-current motor is rotated in reverse, the torque 
current detection value iqfb is changed as is shown in Fig. 
3. When the sign of the exciting current detection value idgb 
is negative, the phase of the torque current detection value 

iqfb is changed to a sine wave beginning at 180°. When the 
sign of the exciting current detection value idfb is positive, 
the phase of the toque current detection value iqfb is changed 
to a sine wave beginning at 0°. 

As is described above, when a direct current is applied 
to the alternating-current motor, the phase relationship between 
the exciting current detection value idfb and the torque current 
detection value iqfb, and the frequency of the torque current 
detection value iqfb are detected, so that the velocity and 
the rotational direction can be estimated. 

An explanation will now be given for a method for 
designating, for the power converter, a rotational direction 
and a velocity that are estimated when the direct current 
application state is shifted to normal control after an arbitrary 
time has elapsed. In this case, unlike the third embodiment, 
a magnetic flux must be newly generated because almost no 
induction voltage remains in the alternating-current motor, 
and the power converter 1 need only be started by matching 
the rotational direction and the frequency. The induction 
voltage of the alternating-current motor is gradually increased 
in accordance with the secondary circuit time constant, and 
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when the induction voltage reaches the normal V/f level, it 
is determined that the alternating-current motor in the free 
running state can be normally started, and the three switches 
are switched to side A. 

An explanation will now be given for a method according 
to the invention for increasing the accuracy whereby a velocity 
is estimated by detecting the frequency of the torque current 
detection value iqfb during the application of a direct current . 

When the alternating-current motor is in the free running 
state at a high velocity, the frequency of the torque current 
detection value igfb in Fig. 2 or 3 is increased. As one method 
for measuring the frequency of the torque current detection 
value iqfb, there is a method for measuring the cycle between 
a peak on the positive side and a peak on the negative side, 
or the cycle between zero cross points. When the scanning 
for current control is slow to measure the cycle between a 
peak on the positive side and a peak on the negative side, 
or the cycle between zero cross points, the accuracy of the 
measurement of the cycle is low, and the accuracy of the detection 
of the frequency is also low. Further, when the 

alternating-current motor is in the free running state at a 
high velocity, a difference between a direct current and the 
frequency of the alternating-current motor is increased, and 
because of this frequency difference, the impedance is increased 
while a current flowing in the rotor is reduced. Accordingly, 
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the torque current detection value iqfb is reduced, and it 
is difficult to measure the cycle between the peak on the positive 
side and the peak on the negative side of the torque current 
detection value iqfb, or the cycle between zero cross points. 

So long as other operations are omitted during the 
application of the direct current, the scanning period for 
current control can be reduced, compared with during normal 
control, and the frequency detection accuracy can be increased. 

Furthermore, when the current control scanningperiod is reduced 
during the application of the direct current and the carrier 
frequency of the power converter is increased, the current 
control response can be improved, and the exciting current 
detection value idfb can be adjusted to provide a rectangular 
waveform. Therefore, the secondary current of the 

alternating-current motor is completely reflected onto the 
torque current detection value iqfb. In addition, when the 
velocity of the alternating-current motor in the free running 
state is increased, the torque current detection value igfb 
is reduced, and detection is difficult using a common current 
detection method. Therefore, during the application of the 
direct current, the detection sensitivity of the current 
detection circuit need only be increased several times to detect 
even a small current, so that, in the free running state at 
a high velocity, the cycle between the peak on the positive 
side and the peak on the negative side, or the cycle between 
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the zero cross points, can be measured. 

It is, therefore, characterized in that: the current 
control response can be improved by reducing the current control 
scanning period during the application of a direct current, 
and by increasing the carrier frequency of the power converter; 
the velocity of the alternating-current motor in the free running 
state can be accurately measured since the resolution is 
increased for the measurement of the cycle between the 
positive-side peak and the negative-side peak of the torque 
current detection value iqfb, or the cycle between zero cross 
points; and since during the application of a direct current 
the detection sensitivity of the current detection circuit 
is increased more than when under normal control, the velocity 
can be detected in the free running state under a restriction, 
so that the alternating-current motor can be smoothly restarted. 

Moreover, according to this embodiment, an explanation 
is given for a power conversion apparatus that splits a current 
flowing in the alternating-current motor 2 into a torque current 
and an exciting current, and provides vector control for 
controlling these currents independently . However, the present 
invention can also be provided by a power conversion apparatus 
that performs the constant V/f control by performing exactly 
the same processing, so long as a current control circuit is 
additionally provided that splits a current flowing in the 
alternating-current motor in the free running state into a 
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torque current and an exciting current and that controls these 
currents independently . 

The present invention is described in detail by referring 
to specific embodiments. However, it will be obvious for one 
having ordinary skill in the art that the present invention 
can be variously modified or altered without departing from 
the spirit and the scope of the invention. 

The present application is based on Japanese Patent 
Application (No. 2002-198712) filed on July 08 , 2002, Japanese 
Patent Application (No. 2002-315177) filed on October 30, 2002 
and Japanese Patent Application (No. 2003-121733) filed on 
April 25, 2003, and the contents of these applications are 
employed here as references. 

<Industrial Applicability> 

As is described above, according to the first embodiment 
of the present invention, when the alternating-current motor 
is restarted and the current continuously flows in the 
alternating-current motor at a designated current level or 
higher for a designated period of time, it is determined that 
the rotational direction or the velocity of the 
alternating-current motor is incorrectly estimated, and a direct 
current or a direct-current voltage is again applied to estimate 
the rotational direction and the velocity. Therefore, the 
alternating-current motor in the free running state can be 



smoothly restarted. 

According to the modification of the first embodiment 
of the present invention, since a greater value, either the 
lower limit value of the estimated velocity of the 
alternating-current motor or the secondary circuit time constant, 
is designated as an arbitrary period for the application of 
a direct current, the optimal direct current application time 
is employed to appropriately estimate the rotational direction 
and the velocity of the alternating-current motor. Therefore, 
the alternating-current motor in the free running state can 
also be smoothly restarted. 

According to the second embodiment of the invention, 
a sensorless vector control method for an alternating-current 
motor, 

whereby there are provided a power converter, for 
outputting power to an alternating-current motor, and a current 
controller, for controlling an output current of the power 
converter based on a signal indicating a deviation between 
a current instruction signal and a detection signal for an 
output current of the power converter, and a velocity detector 
and a voltage detector are not provided, 

whereby current control is performed by forcibly setting 
the current instruction signal to zero so as to reduce to zero 
a current in the alternating-current motor in a free running 
state, 
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whereby a level and a phase of a remaining voltage in 
the alternating-current motor and an angular velocity are 
calculated based on an output voltage instruction signal obtained 
by employing a current output by the current controller, and 
a rotational direction and a velocity of the alternating-current 
motor in the free running state are estimated, and 

whereby, in accordance with a running frequency of the 
power converter before the free running state, and a secondary 
circuit time constant of the alternating-current motor, 
determining a wait time until the current control is started 
with the current instruction signal set to zero- Therefore, 
a control method and a control apparatus for an 
alternating-current motor can be provided whereby, when the 
response from the current controller is poor, or when not only 
an induction motor but also a permanent magnet synchronous 
motor is employed as the-alterna ting- cur rent motor, the operation 
of the alternating-current motor can be appropriately and 
smoothly continued. 

According to the third embodiment of the invention, when 
the current control is performed by forcibly setting the current 
instruction signal to zero in order to reduce the current at 
the alternating-current motor to zero, the response from the 
current controller is increased, the overcurrent state of the 
power converter is avoided, and the operation can be smoothly 
continued. 
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According to the fourth embodiment of the invention, 
when the velocity and the rotational direction of the 
alternating-current motor in the free running state at a high 
velocity are estimated by providing a direct current instruction, 
the accuracy of the detection of the frequency is increased. 

Thus, effects can be obtained such that the operation can 
be smoothly continued when the alternating-current motor is 
in the free running state at a high velocity. 
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